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Technical Field of the Invention 

The present invention relates to a method and composition for 
inhibiting the formation of Coniferophyta pollen, comprising the use of a 
prohexadione compound as an active ingredient. In particular, the present 
invention relates to a method and composition for inhibiting the 
formation of Coniferophyta pollen, such as Cryptomeria japonica (sugi) 
pollen, employing a composition that contains as a main ingredient, a 
prohexadione compound which does not substantially inhibit the 
elongation growth of Coniferophyta such as Cryptomeria japonica and 
has an excellent effect of inhibiting the formation of male flowers thereof. 

Prior Art Technology 

Recently, Cryptomeria japonica pollinosis is one of typical allergic 
diseases in early spring, in particular, March and April in Japan. It is said 
that 1/5 of Japanese population are patients suffering from Cryptomeria 
japonica pollinosis. Under these conditions, measures for preventing and 
inhibiting Cryptomeria japonica pollinosis are demanded. Although 
various investigations were recently made on the prevention and 
treatment of Cryptomeria japonica pollinosis from the medical 
standpoint, any effective method for the prevention or treatment has not 
yet been established. 
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On the other hand, for preventing and inhibiting Cryptomeria 
japonica pollinosis, it is considered that botanical methods must be also 
discussed. Namely, if the formation of the Cryptomeria japonica pollen 
per se can be prevented or inhibited, the cause of Cryptomeria japonica 
pollinosis is removed and Cryptomeria japonica pollinosis is effectively 
prevented. In this case, it is considered that the formation of male 
flowers of Cryptomeria japonica which are the cause of the formation of 
Cryptomeria japonica pollen is to be inhibited. 

After intensive investigations on substances inhibiting the 
formation of male flowers of Cryptomeria japonica, it has been found that 
the prohexadione compounds effectively control the formation of male 
flowers of Coniferophyta such as Cryptomeria japonica without 
substantially inhibiting the elongation growth of such Coniferophyta and 
has an excellent effect of inhibiting the formation of male flowers thereof. 

Summary of the Invention 

After intensive investigations made for the purpose of providing an 
agent for inhibiting the formation of Cryptomeria japonica pollen, which 
does not substantially inhibit the elongation growth of Cryptomeria 
japonica and has an excellent effect of inhibiting the formation of male 
flowers thereof, it has been found that prohexadione compounds have 
such an effect. The present invention has been completed on the 
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basis of this finding. 

ppsrriptinn of TCw ihftriimftnts 

The detailed description on the present invention will be made 

below. 

The prohexadione compounds of the present invention inhibit the 
biosynthesis of gibberellin. In particular, the prohexadione compounds 
of the present invention inhibit the activity of 3- 0 hydroxynase which is 
an enzyme involved in the hydroxylation at 3- 0 position in the 
biosynthesis of physiologically active gibberellin. Various prohexadione 
compounds are usable so far as they have such a function. 

In addition, prohexadione compounds are rapidly decomposed 
and they scarcely exert an influence on the growth of plants other than 
Cryptomeria japonica. Thus, the prohexadione compounds are suitable 
for the environmental protection and safety of the plants. 

The following examples of the prohexadione compounds of the 
present invention can be given: They are described in, for example, the 
specification of JP Kokai No. Sho 59-231045. However, although this 
specification discloses that those compounds have selective growth- 
inhibiting effect on plants such as rice plants and also selective herbicidal 
effect, it does not disclose or suggest the use of the compounds as agents 
for inhibiting the formation of Cryptomeria japonica pollen, which do not 
inhibit the elongation growth of Cryptomeria japonica and have an 
excellent effect of inhibiting the formation of male flowers thereof. 

The prohexadione compounds include, for example, the following 
compounds^ 
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(I) cyclohexane dioncarboxylic acid derivatives of the following formula 
Al: 



o 



R 




AI 



wherein ^ 

A represents an -OR 2 or "NR 3 R 4 , 

B represents a hydroxyl group, an -NHORj group or a salt thereof, 

R represents an alkyl group having 1 to 6 carbon atoms or a cycloalkyl 

group having 3 to 6 carbon atoms, the alkyl or cycloalkyl group being 

unsubstituted or substituted with a halogen atom, an alkoxyl group 

having 1 to 6 carbon atoms or an alkylthio group having 2 to 4 carbon 

atoms, 

R x represents an alkyl group having 1 to 6 carbon atoms, a haloalkyl 
group having 1 to 6 carbon atoms, an alkenyl group having 3 to 6 carbon 
atoms, a haloalkenyl group having 3 to 6 carbon atoms or an alkynyl 
group having 3 to 6 carbon atoms, and 

R 2 , R 3 and R 4 independently represent a hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, a haloalkyl group having 1 to 6 carbon atoms, 
an alkoxyalkyl group having 2 to 10 carbon atoms, an alkylthioalkyl 
group having 2 to 10 carbon atoms, an alkenyl group having 3 to 6 carbon 
atoms, which group may be substituted with a halogen atom, an alkoxyl 
group having 1 to 4 carbon atoms or an alkylthio group having 1 to 4 
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carbon atoms, an alkynyl group having 5 or 6 carbon atoms, or a phenyl 
group or an aralkyl group having 1 to 6 carbon atoms wherein the phenyl 
nucleus may be substituted with a halogen atom, an alkyl group having 1 
to 4 carbon atoms, an alkoxyl group having 1 to 4 carbon atoms, a 
haloalkyl group having 1 to 4 carbon atoms, a nitro group or a cyano 
group, and 

R 3 and R 4 may form a 5* or 6-membered heterocyclic ring together with 
the carbon atom to which they are bonded and the ring may further 
contain a carbon atom or sulfur atom. 

In the, above- described definition, the alkyl groups may be either 
linear or branched, and they include, for example, methyl group, ethyl 
group, propyl group, isopropyl group, butyl group, isobutyl group, 
secondary butyl group, tertiary butyl group and all the stereoisomers of 
higher homologues thereof. The alkenyl groups and alkynyl groups may 
be either linear or branched, and they include, for example, vinyl group, 
allyl group, methallyl group, butenyl group, methylbutenyl group, 
dimethylbutenyl group, ethynyl group, propynyl group, butynyl group, 
methylbutynyl group and dimethylbutynyl group. 

The halogen atom represents fluorine atom, chlorine atom, 

bromine atom or iodine atom. 

The ring may further contain an oxygen atom or a sulfur atom. 
The 5- or 6-membered heterocyclic -NR 3 R 4 may be a pyrrole, pyrrolidine, 
piperidine, morpholine or thiomorpholine ring or the like. Such a ring 
may be substituted with a methyl group. 

Salts of these compounds (including ammonium salts thereof) are 
obtained by the reaction of them with a base. The preferred bases are, 
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for example, alkali metal hydroxides; alkaline earth metal hydroxides; 
iron, copper, nickel and zinc hydroxides; ammonia; alky 1 ammoniums 
having 1 to 4 quaternary carbon atoms; and hydroxyalkyl ammonium 
bases having 1 to 4 carbon atoms. 

In the cyclohexanedioncarboxylic acid derivatives of general 
formula AI, particularly effective compounds are those of the following 
groups'- 

Cyclohexane derivatives of the following formula Ala and salts thereof, 
preferably metal salts or ammonium salts thereof: 



OH 



Ala 




wherein A and R are as defined above; 

The derivatives of above formula Ala wherein A represents an -OR 2 andR 
and R 2 are as defined above, and metal salts or ammonium salts thereof 
The derivatives of above formula Ala wherein A represents an -NR 3 R 4 and 
R, R 3 and R 4 are as defined above, and metal salts or ammonium salts 
thereof; and 

The derivatives of above formula Ala wherein A is as defined above, and R 
represents a cycloalkyl group having 3 to 6 carbon atoms, and metal salts 
or ammonium salts thereof. 

Further effective compounds are cyclohexanedions of the following 
formula Alb and metal salts or ammonium salts thereof 
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Alb 



wherein A, R and Rj are as defined above; 

The derivatives of above formula Alb wherein A represents an ~OR 2 and R, 
H x and R 2 are as defined above, and metal salts or ammonium salts 
thereof; and 

The derivatives of above formula Alb wherein A represents an -NR 3 R 4 , 
and R, R x , R 3 and R 4 are as defined above, and metal salts or ammonium 
salts thereof. 

Examples of the preferred compounds are as follows : 
ethyl 4-butyryl-3,5-cyclohexanedioncarboxylate, 
isobutyl 4-butyryl-3,5-cyclohexanedioncarboxylate, 
ethyl 4-(l-ethoxyaminobutylidene)-3,5-cyclohexanedioncarboxylate, 
ethyl 4-(l-aUyloxyaminobutylidene)-3,5-cyclohexanedioncarboxylate, 
ethyl 4-(l-cyclopropylhydroxymethylidene)-3,5- 
cyclohexanedioncarboxylate, 

isobutyl 4-(l-allyloxyaminobutylidene)-3,5-cyclohexanedioncarboxylate, 
dimethyl 4-(l-ethoxyaminobutylidene)-3,5-cyclohexanedioncarboxamide, 
dimethyl 4-(l-aUyloxyaminobutylidene)-3,5- 
cyclohexanedioncarboxamide, 

diethyl 4-(l-allyloxyaminobutylidene)-3,5-cyclohexanedioncarboxamide, 
benzyl 4-(l-ethoxyaminobutylidene)-3,5-cyclohexanedioncarboxamide 
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and 

sodium, ammonium and tetramethylammonium salts of them. 

The cyclohexanedioncarboxylic acid derivatives of above formula 
AI can be obtained in the form of, for example, various tautomers as 
shown below- 




The cyclohexanedioncarboxylates of formula AI are produced by 
reacting a 3,5-cyclohexanedioncarboxylic acid derivative of the following 
formula II : 

O 




n 



wherein A represents the above-described ester or amido group, 
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with an acid halide of the following formula III: 



Hal- COR 



(III) 



wherein R is as defined ahove, 

in the presence of a base as an acid acceptor in an inert organic solvent, 
then isolating the product thus obtained and, if desired, reacting the 
product with a hydroxylamine of the following formula IV: 



wherein R 2 is as defined above, 

in an inert water-immiscible solvent at the boiling temperature under 
condensation conditions, and isolating the resultant product. 

The solvents particularly suitable for the reaction are, for example, 
aromatic hydrocarbons such as benzene, toluene and xylene, and also 
halogenated hydrocarbons such as chloroform, dichloroethane and carbon 
tetrachloride. 

The reaction temperature is in the range of room temperature to 
the boiling point of the reaction mixture. It might be necessary to cool 
the reaction vessel while the acid chloride is added. 

Suitable acid acceptors are organic and inorganic bases such as 
pyridine, 4-aminopyridine, colli dine, triethylamine, ammonium, as well 
as sodium, potassium and calcium carbonates and corresponding 
bicarbonates. 

The suitable acid halides of formula III are mainly acetyl chloride, 
propionyl chloride, butyryl chloride, valeryl chloride, 3-methoxypropionyl 
chloride, 2-chloropropionyl chloride, cyclop r op an oyl chloride and 
cyclohexanoyl chloride, as well as corresponding bromides. 



The suitable hydroxylamines of formula IV are particularly 



HONHRj 



(IV) 
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methyl*, ethyl-, chloroethyl-, propyl-, isopropyl\ butyl-, isobutyl-, allyl-, 
cycloallyl-, meth allyl- and propinylhydroxyl amines. They can be used in 
the form of salts such as hydrochlorides thereof. 

The cyclohexanedioncarboxylic acid derivatives of formula II used 
as the starting materials can also be obtained by hydrogenating 3,5- 
dihydroxybenzoic acid with hydrogen in the presence of Raney nickel and 
then esterifying or amidating the acid group thereof according to the 
following reaction scheme : 



H 2 




O" Raney Ni HO< jj 

o 




Esterification 




Or, Amidation 

In the above formulae, the keto group must be protected in the 
form of an enol ether or an enamine [refer to J. Am. Chem. Soc. 78, 4405 
(1956)1. 

In addition, 3,5-dihydroxybenzoic acid derivatives can be 
hydrogenated with hydrogen in the presence of Raney nickel according to 
the following reaction formula- 
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[refer to Arch. Pharm. 307, 577 (1974)]. 

(II) Cyclohexane compounds of the following formula BI and salts 
thereof: 




BI 



wherein R represents a hydrogen atom or an alkyl group, and R 1 
represents an alkyl group. 

These compounds are disclosed in the specification of JP Kokai No. 
Hei 4-29659. However, this specification only discloses plant growth 
regulators containing such a compound, and it does not disclose nor 
suggest any use of the compounds as agents for inhibiting the formation 
of Cryptomeria japonica pollen which do not substantially inhibit the 
elongation growth of Cryptomeria japonica and have an excellent effect of 
inhibiting the formation of male flowers thereof. 

Concrete examples of those compounds are as follows- 
Compounds of the following formula Bla^ 
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Compounds of the following formula BIc- 

O'M 

o / o 

MO'C / ^ CR 1 BIc 



wherein R and II 1 are as defined above, and M represents an organic or 
inorganic cation. 

The alkyl groups are, for example, methyl group, ethyl group, 
propyl group and butyl group. The organic or inorganic cations are, for 
example, cations of metals such as alkali metals, alkaline earth metals, 
aluminum, copper, nickel, manganese, cobalt, zinc, iron and silver, and 
ammonium ions of the formula- 
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wherein R 3 , R 4 , R 5 and R 6 each represents a hydrogen atom, an alkyl 
group, a hydroxyalkyl group, an alkenyl group, benzyl group, a benzyl 
group substituted with a halogen atom, a pyridyl group or a pyridyl group 
substituted with an alkyl group, and R 3 and R 4 may together form a 
polymethylene group or a polymethylene group with an oxygen atom 
between them. 

Those compounds can be produced by the following processes: 



o 




(Bid) O&le) 
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(Big) (BI) 



wherein R 2 represents an alkyl group, M 1 represents an alkali metal atom, 
and R and R 1 are as defined above. 

Namely, compounds [Ble] can be produced by reacting a compound 
[Bid] or [BIfl with an acid chloride in the presence or absence of y - 
picoline and also in the presence or absence of a base in a solvent at a 
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temperature in the range of -20*C to fifte bo&Osfg point of the solvent, 
preferably not higher than room temperature for 10 minutes to 7 hours. 
The bases can be selected from those usually used for 
dehydrohalogenation reactions. The bases are organic bases such as 
trimethylamine, triethylamine, tripropylamine, tributyl amine, pyridine 
and N,N-dimethylaminopyridine, and inorganic bases such as sodium 
hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate 
and sodium hydrogencarbonate. The solvents are organic solvents such 
as toluene, benzene, xylene, dichloromethane, 1,2-dichloroethane, 
chloroform, carbon tetrachloride, N,N-dimethylformamide, dimethyl 
sulfoxide and methyl cellosolve and/or water. y -Picoline is also 
considered to have an effect of phase-transfer catalyst. 

Compounds IBI] can be produced by reacting a compound [Ble] in 
the presence of a catalyst in a solvent at a temperature in the range of 
room temperature to the boiling point of the solvent for 1 to 10 hours 
[formula (3)]. The catalysts include pyridine derivatives such as 4-N,N- 
dimethylaminopyridine, 4-N,N-diethylaminopyridine and 4- 
pyrrolidinoaminopyridine; and Nalkylimidazole derivatives such as N- 
methylimidazole and N-ethylimidazole. 

The compounds [BI] can be produced without isolating the 
intermediates [Ble]. 

The compounds [BI] can also be produced by reacting a compound 
[Big] with a halogenating agent in the presence or absence of a base in a 
solvent or without any solvent at a temperature in the range of -20 1 to a 
boiling point of the solvent or halogenating agent, preferably in the range 
of -10*0 to lOOt: for 10 minutes to 7 hours to halogenate the compound 
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[Big] and then reacting the resultant pr'oduc€ with an alcohol of the 
formula '■ R 2 OH in the presence or absence of a base at a temperature in 
the range of -20°C to 100°C for 10 minutes to 48 hours. The solvents 
used for the halogenation include, for example, dichlorom ethane, 
chloroform, carbon tetrachloride, benzene, toluene and xylene. The base 
used for the halogenation or esterification can be selected from those 
usually used for the dehydrohalogenation reactions. The bases include 
organic bases such as triethylamine, pyridine, N,N- 
dimethylaminopyridine and N,N-dimethylaniline>* and inorganic bases 
such as sodium hydroxide, potassium carbonate and sodium 
hydrogencarbonate. The halogenating agents include, for example, 
thionyl chloride, phosphorus trichloride, phosphorus pentachloride and 
phosphorus oxychloride. A halide of the intermediate can also be 
isolated and esterified. 

Salts of the above- described compounds can be produced as 
follows: Organic or inorganic salts can be produced by reacting a 
compound of general formula [BIl with an equivalent or 2 or higher 
equivalents of a primary amine; a secondary amine; a tertiary amine; an 
alcoholate; or a chloride, hydride, hydroxide, sulfate, nitrate, acetate or 
carbonate of a metal such as sodium, potassium, calcium, magnesium, 
barium, aluminum, nickel, copper, manganese, cobalt, zinc, iron or silver; 
in an organic solvent. When they are reacted with each other in 
equivalent amounts, the obtained salt is in the form of the formula [Bla] 
in case R in the formula [BI] is other than hydrogen atom, and the 
obtained salt is in the form of the formula [Bib] in case R is hydrogen 
atom. When such a compound is used in an amount of 2 equivalents or 
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more, the resultant compound is in the form of the formula [BIcJ. 

Those compounds can he represented by the following tautomeric 
structural formulae"- 





wherein Z represents R or M, and R, M and R 1 are as defined above. 

i 

(III) Cyclohexane compounds of the following formula CI or salts 
thereof: 



O p 



NHB S 



wherein R 1 represents a hydrogen atom or a lower alkyl group, R 2 
represents a lower alkyl group, and R 3 represents a hydrogen atom, an 
alkyl group, an alkenyl group, a hydroxy alkyl group, a cycloalkyl group, 
morpholino group, an amino alkyl group, an N-alkylaminoalkyl group, an 
N,N-dialkylaminoalkyl group, an alkoxycarbonylalkyl group, a group of 
the formula^ 
-(CH^R 4 

(wherein R 4 represents a lower alkoxyl group, a lower alkylthio group, a 
benzylthio group, an anilino group, a morpholino group, a piperazino 
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group or a piperidino group which maybe substituted with a lower alkyl 
group, and 1 represents an integer of 2 or 3), 
a group of the formula- 



- (CH 2 )n -f /$> Xm 




(wherein X represents a halogen atom, a lower alkyl group, a lower 
alkoxyl group, phenoxy group or an alkoxycarhonylalkyloxy group, m 



(wherein R 5 represents a furyl group, a thenyl group or a pyridyl group), 



(wherein R 5 is as defined above) . 

Those compounds are disclosed in JP-Kokai No. Hei 6-76356. 
However, the specification thereof discloses only the plant growth 
regulators containing those compounds and it does not disclose nor 
suggest any use of those compounds as agents for inhibiting the formation 
of Crypt omeria japonica pollen, which do not substantially inhibit the. 
elongation growth of Cryptomeria japonica and which have an excellent 
effect of inhibiting the formation of male flowers thereof. 



represents an integer of 0 or 1, and n represents an integer of 0 to 2), 

a group of the formula- 

•CH2R 5 



or 



a group of the formula- 



o 

- NBCRb 
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Although the present invention is primarily exemplified by being 
described in terms of a method for using prohexadione compounds for 
inhibiting the formation of Cryptomeria japonica pollinosis, those skilled 
in the art will appreciate that the methods and composition of the present 
invention also are suitable for inhibiting pollinosis in other plants of the 
division Coniferophyta and, in particular, in plants of the class Pinopsida 
including, for example: from the family Araucariaceae, for example, 
Agathis Salisb. spp., Araucaria Juss. spp. and Wollemia W. (W. nobilis)', 
from the family Cephalotaxaceae, for example, Cephalotaxus Siebold & 
Zucc. spp.; from the family Cupressaceae, for example, Actinostrobus 
Miq. spp., Austrocedrus Florin & Boutelje spp. (A. chilensis), Callitris 
Vent, spp., Calocedrus Kurz, spp, Chamaecyparis Spach. spp., Cupressus 
L. spp., Diselma Hook./, spp. (£>. archeri), Fitzroya Hookf. exLindl. spp. 
(F. cupressoides), Fokienia AMenry & H.H.Thomas, spp. (F. hodginii), 
Juniperus L. spp., Libocedrus Endl. spp., Microbiota Kom. spp. (M. 
decussata), Neocallitropsis Florin, spp. (N. pancheri), Pilgerodendron 
Florin, spp. (P. uviferum), Tetraclinis Mast. spp. (T. articulate), Thuja L. 
spp., Thujopsis Siebold & Zucc. ex Endl. spp. (T. dolabratd), 
Widdringtonia Endl. spp.; from the family Pinaceae, for example, Abies 
Mill. Co. spp., Cathay a Chun & Kuang. spp. (C. argyrophylla Chun & 
Kuang), Cedrus Trew. spp., Keteleeria Carriere. spp., LarixMill. spp., 
Nothotsuga Hu ex CN.Page. spp. (N. longibracteata), Picea A.Dietr. 
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spp., Pinus L. spp.,Pseudolarix Gordon, spp. (P. amabilis), Pseudotsuga 
Carriers spp., Tsuga Carriere. spp.; from the family Po docarpaceae, for 
example, Acmopyle Pilg. spp., Dacrycarpus (EndL) de Laub. spp., 
Dacrydium Lamb, spp., Falcatifolium de Laub. spp..; from the family 
Taxaceae, for example, Amentotaxus Pilg. spp., Taxus L. spp., Torreya 
Arn. spp.; from the family Taxodiaceae, for example, Athrotaxis D.Don. 
spp., Cryptomeria D.Don, spp. (especially Cryptomeria japonica), 
Cunninghamia R.Br, spp.; Glyptostrobus Endl. spp. (G. pensilis); 
Sciadopitys Siebold & Zucc. spp. (S. verticillatd), Sequoia Endl. spp. (S. 
sempervirens), Sequoiadendron Buchholz* spp. (S. giganteum), Taiwania 
Hayata. spp., Taxodium Rich, spp; from the family Phyllocladaceae, for 
example, Phyllocladus Rich, ex Mirb. spp. 
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The compounds of the formula [Ct] can Have the following 
tautomeric structures- 




Further, the compounds of the formula CI can form salts thereof, 
which are also included in the scope of the present invention. 

Concrete examples of the above- described compounds are shown 

below. 

Table 1 
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Compounds of the above formula CI can be produced by, for 
example, the following method: 

9 JP 0 MEbQD . • / \_ nhb' 

afofe-Q-ca* > »bc-(_>-<£r* 

wherein R 1 , R 2 and R 3 are as defined above. However, when R 1 in the 
formula [II] is hydrogen atom, R l in the formula [I] represents R 3 NH 3 . 
Further, when R 1 in the formula [II] is a hydrogen atom and R 3 in the 
formulae [I] and [III] represents a group of the following formula: 

wherein X and m are as defined above, 
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B x in the formula [I] represents a hydrogen atom. 

Namely, the intended compounds can be produced by reacting a 
compound of the formula [II] with an amine of the formula [III] in a 
solvent or without any solvent at a temperature in the range of room 
temperature to the boiling point of the solvent for 0.1 to 10 hours. The 
solvents include alcoholic solvents such as methanol and ethanol, non- 
polar solvents such as benzene, toluene and xylene; acetic ester solvents 
such as methyl acetate and ethyl acetate, and halogenated hydrocarbon 
solvents such as dichlorom ethane and chloroform. 

(IV) Cyclohexanecarboxylic acid derivatives of the following formula DI 
and salts thereof- 



O H 




wherein R 1 represents a hydrogen atom, a lower alkyl group or phenyl 
group, X represents an oxygen atom or a sulfur atom, B 2 represents a 
hydrogen atom, an alkyl group, an alkenyl group, an alkylthioaliyl group, 
an alkoxycarbonylmethyl group, a benzyl group substituted with a 
halogen atom, a group of the formula : 
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(wherein Y represents a carbon yl group, a sulfonyl group or a sulfonate 
group, Z represents a hydrogen atom, a halogen atom, a lower alkyl group, 
a lower alkoxyl group, a cyano group or a trifluoromethyl group, m 
represents 0 or 1, and n represents an integer of 1 or 2, with the proviso 
that when n represents 2, Z may be a combination of different groups or 
atoms), 

a furyl group or a thienyl group. 

Those compounds are disclosed in Japanese Patent No. 2,696,252. 
However, the specification thereof discloses only herbicides and plant 
growth regulators containing those compounds and it does not disclose 
nor suggest any use of those compounds as agents for inhibiting the 
formation of Cryptomeria japonica pollen, which do not substantially 
inhibit the elongation growth of Cryptomeria japonica trees and which 
have an excellent effect of inhibiting the formation of male flowers 
thereof. 

Examples of the compounds of the above formula DI are shown in 
Table 2. 

Table 2 
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*(3)Compound No. (4) Melting Point (°C) or Index of RefractionCnV) 
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Those compounds can be produced by, for example, the following 
method : 



0 yOB Base § / 

0 

( n ) (H] C iv ) 

OH 

Hydrolysis 9 



MR 2 



0 

C V D 



0 
ii 



Or, Cft SO*HC0 




C n ) 

wherein R 1 , R 2 and X are as defined above. 

Namely, tlie compounds of the general formula [IV] can be obtained 
by reacting a compound of the formula [II] with an isocyanate or 
isothiocyanate of the formula [III] in the presence of a base in a solvent or 
without any solvent and then depositing the product with an acid. The 
compounds of the formula [V] can be easily obtained from the compounds 
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of the formula [IV] by treating the latter with an aqueous alkali solution. 
The compounds of the formula [VI] can be easily obtained by reacting a 
compound of the formula [II] with urea, chlorosulfonyl isocyanate or the 
like. Those reactions are conducted at a temperature of, for example, 0 
to 130°C, preferably 20 to 80^. However, the reaction of a compound of 
the formula [II] with urea is desirably conducted without any solvent at 
100 to 130^. 

The preferred bases include inorganic bases such as sodium 
hydroxide, potassium hydroxide, metallic sodium, sodium hydride, 
potassium carbonate and sodium hydrogencarbonate; and tertiary organic 
amines such as trimethylamine, trie thyl amine, N,N-dimethylaniline, 
pyridine, substituted pyridines and diazabicycloundecene (DBU). The 
solvents are suitably selected from those which do not participate in the 
reaction, such as N,N-dimethylformamide, N,N-dimethylacetamide, 
dimethyl sulfoxide, hexamethylene phosphoroamide, acetonitrile, 
tetrahydrofuran, benzene, toluene, xylene, ethyl ether, dichloromethane, 
dichloroethane and chloroform. The compounds represented by the 
formula [II] are well known and processes for producing them are 
described in, for example, the specifications of JP Kokai Nos. Sho 58- 
164543 and Sho 59-231045. 

The prohexadione compounds of the present invention axe used as 
they are or preferably in the form of a composition with an ordinary 
adjuvant used in the preparation techniques. These compounds are used 
to form, for example, an undiluted emulsion, a film-forming paste, a 
solution which can be directly sprayed or diluted, a diluted emulsion, a 
wettable powder, a water-soluble powder, a dust, granules and capsules 
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prepared by the encapsulation with a polymer. The properties of the 
composition and also the method for the application thereof such as 
spraying, dusting, sprinkling or injection are selected depending on the 
Cryptomeria japonica and the environmental conditions. 

When the agent of the present invention for inhibiting the 
formation of Cryptomeria japonica pollen is to be applied to Cryptomeria 
japonica trees in a large area of at least several ares such as in an 
afforested area, for example, curtain application method with a helicopter 
is suitable. 

A suitable solid or liquid adjuvant may be used, if necessary, 
together with the prohexadione compound. Such a preparation or 
composition is produced by, for example, homogeneously mixing and/or 
grinding the prohexadione compound as the active ingredient with a filler 
such as a solvent, a solid carrier and, if necessary, a surface-activating 
compound (surfactant) by a well-known method. 

The suitable solvents are as follows: 
aromatic hydrocarbons preferably having 8 to 12 carbon atoms such as 
xylene mixtures and substituted naphthalene; phthalates such as 
dibutyl phthalate and dioctyl phthalate; aliphatic hydrocarbons such as 
cyclohexane and paraffin; alcohols and glycols and their ethers and esters 
such as ethanol, ethylene glycol monomethyl or monoethyl ether; ketones 
such as cyclohexanone; strong polar solvents such as N-methyl-2- 
pyrrolidone, dimethyl sulfoxide and dimethylformamide; epoxidized 
vegetable oils such as epoxidized coconut oil and epoxidized soybean oil; 
and water. 

Solid carriers usable for the dusts and dispersible powdeirs are 
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usually preferably natural mineral fillers such as calcite, talc, kaolin, 
montmorillonite and attapulgite. For improving the physical properties 
of the preparation, for example, highly dispersible silicic acid or highly 
dispersible, absorbable polymer can be added thereto. The suitable 
granulated absorbing carriers are porous ones such as pumice, crushed 
bricks, sepiolite and bentonite. The suitable non-absorbing carriers are, 
for example, calcite and sands. Further, various, previously granulated 
inorganic and organic substances, particularly dolomite and pulverized 
plant residues are preferred. 

Suitable surface-activating compounds, which vary depending on 
the properties of the prohexadione compounds of the present invention, 
are non-ionic, cationic and anionic surfactants having excellent 
emulsifying property, dispersing property and wetting property. 

The term "surfactants" also includes surfactant mixtures. 

Suitable anionic surfactants are, for example, water-soluble soaps, 
water-soluble synthetic surface-activating compounds and mixtures of 
them. 

Suitable soaps are, for example, alkali metal salts, alkaline earth 
metal salts and unsubstituted or substituted ammonium salts of higher 
fatty acids (CIO to C12); such as sodium and potassium salts of oleic acid, 
stearic acid and natural fatty acid mixtures obtained from coconut oil and 
tallow. Methyltaurine salts of fatty acids are also usable. 

So-called synthetic surfactants such as aliphatic sulfonates, 
aliphatic sulfates, sulfonated benzimidazole derivatives and alkylaryl 
sulfonates are often used. 

The aliphatic sulfonates and sulfates are usually in the form of 
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alkali metal salts, alkaline earth metal salts and un substituted or 
substituted ammonium salts thereof. They contain an alkyl group 
having 8 to 22 carbon atoms including the alkyl moiety of the acyl groups 
thereof. Examples of them include sodium and calcium salts of 
lignosulfonic acid, dodecyl sulfate and aliphatic alcohol sulfates obtained 
from natural fatty acids. Those compounds include salts of sulfuric acid 
esters and sulfonic acid salts of aliphatic alcohol/ethylene oxide adducts. 
Sulfonated benzimidazole derivatives preferably contain two sulfonic acid 
groups and a fatty acid group containing 8 to 22 carbon atoms. 
Examples of the alkylaryl sulfonates include sodium, calcium and 
triethanolamine salts of dodecylbenzenesulfonic acid or 
naphthalenesulfonic acid/formaldehyde condensate. Corresponding 
phosphates such as salts of phosphoric acid esters of pnonylphenol 
adducts containing 4 to 14 mols of ethylene oxide, and phospholipids are 
also suitable. 

The nonionic surfactants are preferably poly glycol ether 
derivatives of aliphatic or alicyclic alcohols or saturated or unsaturated 
fatty acid alkylphenols. Those derivatives contain 3 to 30 glycol ether 
groups, 8 to 20 carbon atoms in the (aliphatic) hydrocarbon moiety and 6 
to 18 carbon atoms in the alkyl moiety of the alkylphenol. 

Other suitable nonionic surfactants are, for example, water- 
soluble adducts of polyethylene oxide and polypropylene glycol, 
ethylenediaminepolypropylene glycol or an alkylpolypropylene glycol 
having 1 to 10 carbon atoms in the alkyl chain. The adducts contain, for 
example, 20 to 250 ethylene glycol ether groups and 10 to 100 propylene 
glycol ether groups. These compounds usually contain 1 to 5 ethylene 
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glycol units per propylene glycol unit. 

Typical examples of the nonionic surfactants include nonyl 
phenol/polyethoxyethanol, castor oil poly glycol ether, 
polypropylene/polyethylene oxide adduct, 

tributylphenoxypolyethoxyethanol, polyethylene glycol and 
octylphenoxyethoxyethanol. Further, fatty acid esters of 

polyoxyethylenesorbitans and polyoxy ethyl enesorbitan trioleates are also 
suitable nonionic surfactants. 

The cationic surfactants are preferably quaternary ammonium 
salts having at least one alkyl group having 8 to 22 carbon atoms as the 
N-substituent and also an unsubstituted or halogenated lower alkyl 
group, benzyl group or a lower hydroxyalkyl group as the other 
substituent. The salts are preferably halides, methyl sulfates or ethyl 
sulfates. They are, for example, stearyltrimethylammonium chloride 
and benzyl di-(2-chloroethyl)ethylammonium bromide. 

The surfactants usually used in the pharmaceutical field are 
described in, for example, the following publications: Mc Cutcheon's 
Detergents and Emulsifiers Annual, Mac Publishing Co., Lingwood, New 
Jersey, 1981; H. Stache, TensidTashen-buch, 2 nd Edition, C. Hanser 
Verlag, Munchen and Vienna, 1981; M. and J. Ash, Encyclopedia of 
Surfactants, Vols. I to II, Chemical Publishing Co., New York, 1980-1981. 

The agent of the present invention for inhibiting the formation of 
Cryptomeria japonica pollen usually contains 0.1 to 95 %, preferably 0.1 
to 80 %, of a prohexadione compound, 1 to 99.9 % of solid or liquid 
adjuvants and 0 to 25 %, preferably 0.1 to 25 %, of a surfactant. 

Preferred preparations are those comprising the following 
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components (the percentages are given by mass): 

Undiluted emulsion 

active ingredient: 10 to 20 %, preferably 5 to 10 % 
surfactant : 5 to 30 %, preferably 10 to 20 % 

liquid carrier : 50 to 94 %, preferably 70 to 85 % 

Dust 

active ingredient: o.l to 10 %, preferably 0.1 to 1 % 
solid carrier : 99.9 to 90 %, preferably 99.9 to 99 % 

TTn diluted suspension 

active ingredient: 5 to 75 %, preferably 10 to 60 % 
water "- 94 to 25 %, preferably 90 to 30 % 

surfactant : 1 to 40 %, preferably 2 to 30 % 

WttttaKlft powder 

active ingredient*- 0.5 to 90 %, preferably 1 to 60 % 
surfactant : 0. 5 to 20 %, preferably 1 ito 15 % 

solid carrier : 5 to 90 %, preferably 15 to 90 % 

Granules 

active ingredient: 0.5 to 30 %, preferably 3 to 15 % 

solid carrier : 99. 5 to 70 %, preferably 97 to 85 % 

The prohexadione compounds may be formulated in the form of a 

concentrated preparation. In this case, the users usually dilute the 

concentrated preparation before use. 

The preparation can be diluted to a concentration as low as 

0.001 %. The application rate is usually 0.01 to 10 kg active ingredient 

(a. i.)/ba, preferably 0.025 to 5 kg a.i./ba. 

If necessary, the preparation or the composition thereof can 
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contain other components such as a stabilizer, an antifoaming agent, a 
viscosity modifier, a binder, a thickening agent, a fertilizer and other 
active ingredients having other special effects. 

The following Examples and Comparative Examples will further 
illustrate the present invention. 
Kxample 1 

Effect of a prohexadione compound of the following chemical structure on 
8-year old young Cryptomeria japonica trees: 




(Materials and method) 

Two 8-year old young Cryptomeria japonica trees (height: 8 m, 
diameter at breast height: 6 cm) which were in a nursery of an 
experimental plantation of the department of agriculture of Tottori 
University and which had formed male flowers every year were used. 
Three branches were selected at male flower-forming positions of each 
tree. These branches which were supposed to form the male flowers 
were treated with the prohexadione compound (treatment with the 
undiluted powder) on June 5, 2001 (about one month before the beginning 
of July when Cryptomeria japonica flower buds were supposed to 
differentiate and Cryptomeria japonica flower buds were supposed to be 
formed). In this test, the prohexadione compound was diluted to a 
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concentration shown in Table 3 given below with 60 % (v/v) aqueous 
acetone solution. 

The treatment method was as follows* 100 ml of the diluted 
solution obtained as described above was sprayed on leaves of the 
branches (50 cm long area from the branch top) with a hand sprayer. In 
a control group, the leaves were treated with only 60 % (v/v) aqueous 
acetone solution. 

The concentrations of the prohexadione compound used for the 
foliar spray treatment were as follows" 

f~fmnftnt.rat.ioTi (nnm) 

0.5 
5 
50 
500 

Results 

(1) Effect on the differentiation and formation of male Cryptomeria 
japonica flowers 

Table 4 given below shows the effect of the treatment with the 
undiluted prohexadione compound on the male flower formation of the 8- 
year old young Cryptomeria japonica trees. It will be clear from Table 4 
that the differentiation and formation of male flower buds were 
remarkable in the control group. On the other hand, when the agent of 
the present invention for inhibiting the formation of Cryptomeria 
japonica pollen was used, the differentiation and formation of male flower 
buds were inhibited. Particularly when the concentration of the 
prohexadione compound used for tne treatment was 50 ppm or 500 ppm, 
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the effect of inhibiting the differentiation and formation of male 
Cryptomeria japonica flowers was remarkable. 

(2) Effect on the elongation growth of Cryptomeria japonica branches: 

Table 5 given below shows the effect of the treatment with the 
prohexadione compound on the elongation growth of branches of the 8- 
year old young Cryptomeria japonica trees. It will be clear from Table 5 
that even when the agent for inhibiting the formation of Cryptomeria 
japonica pollen, of the present invention, was used, the elongation growth 
of the Cryptomeria japonica branches was substantially unchanged 
almost like that in the control group. 

From the above -described facts, it will be clear that although the 
agent for inhibiting the formation of Cryptomeria japonica pollen, of the 
present invention, specifically and remarkably inhibits the 
differentiation and formation of male flower buds, the agent exerts 
substantially no influence on the elongation growth of the Cryptomeria 
japonica branches. 

Table 4 

Effect of fh« agent for inhibi t ing formation of CrvntomeTia j aponica 
pollftn of *t»a prgs ft nt invAntinn on the differentiation and formation of 
Tiialfi flowers nfs- w ar nld vouripr Crvntomeria ianonica trees 
Concentration of the Number of 

smdilntad product for.ni) m ale flower dusters 

Control group 136.9 + 21.6 

0.5 111.6±25.2 
5 70.4±12.4 
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50 *l.i±*G5 
500 10.8±6.1 

Table 5 

y.ffpp.t. of t>>P agfint for inhib iting thft formation of CrvntomeTia iaPOTlica 
pollen, of thi> praafint inve n tion nn thf> elongation gTowth of branches of 
ft-yftar ynnng Cr v ptftTTiPri a ianonica trees 
Concentration of the 

undiluted p™<Wt. (pp m) Branch BR FiloTigation (cm) 

Control group 24.6 ±6.4 

0.5 25.5±7.2 
5 26.2±6.5 
50 24.3±6.3 
500 25.2±5.5 

Example 2 

TCffent of tTiP atrial ap pliration of the agent for inhibiting the formation of 
Cryptomftria japoni c poll^- of the present invention, on the 43-yeaT old 
Cryptomeria jap nnir.a trees 

The effect of the agent for inhibiting the formation of Cryptomeria 
japonica pollen, of the present invention, applied with a helicopter was 
examined for the purpose of realizing the practical use thereof. 
(Materials and method) 

A Cryptomeria japonica forest having 43-year old Cryptomeria 
japonica trees (height'- 16 m, diameter at breast height'- 35 cm) was 
treated in Nirayama experimental plantation of the department of 
agriculture of Tottori University on June 25, 2001. 
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The agent for inhibiting the formation of Cryptomeria japonica 
pollen, thus used had a composition shown in Table 6 given below. The 
concentration of the agent for inhibiting the formation of Cryptomeria 
japonica pollen thus sprayed was 50 or 500 ppm. 

Table 6 

Composition and concentrat ion of the arent for inh ibiting the formation 
of CrvptoniftTia ianonic a pollen 

Agent for inhibiting the Concentration (ppm) 
formation of Cryp totneria iaponica nollen 511 5J111 

Composition Amount (mass %) . 
undiluted product used in Example 1 0.005 0.05 
polyoxyethylene castor oil 0.0175 0.175 
tetrahydrofurfuryl alcohol 0.0272 0.275 
water ^ 

1.8 liters of each of the above described two compositions was 
applied to the forest having an area of 10 a by the curtain application 
method with a helicopter. The aerial application was conducted twice, 
using 0.9 liter of the composition each time. In a control group, only 
water free from the active ingredients was used for the aerial application. 

Results 

(l) Effect on the differentiation and formation of male Cryptomeria 
japonica flowers 

Table 7 given below shows the effects of the agent for inhibiting 
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the formation of Cryptomeria japonica potten on the differentiation and 

i 

formation of male Cryptomeria japonica flowers of 43-year old 
Cryptomeria japonica trees. 

It will be clear from Table 7 that an excellent effect of inhibiting 
the differentiation and formation of the male Cryptomeria japonica 
flowers was confirmed after the treatment with the agent for inhibiting 
the formation of Cryptomeria japonica pollen, of the present invention, 
while the serious differentiation and formation of the male flowers were 
observed in the control group. Particularly when the concentration of 
the agent was 50 ppm or 500 ppm, the remarkable effect of inhibiting the 
differentiation and formation of the male flqwers was obtained. From 
those results, it is apparent that the differentiation and formation of the 
male Cryptomeria japonica flowers can be remarkably inhibited by the 
aerial application of the agent for inhibiting Cryptomeria japonica pollen 
formation, of the present invention, with a helicopter. 

(2) Effect on elongation growth of terminal bud of Cryptomeria japonica 
Table 8 given below shows the effect of the agent for inhibiting 

Cryptomeria japonica pollen formation on the elongation growth of 43 

year-old Cryptomeria japonica trees. 

Even when the agent for inhibiting Cryptomeria japonica pollen 

formation, of the present invention, was sprayed, the elongation growth of 

the Cryptomeria japonica trees in old stage was substantially the same as 

that in the control group. It is thus clear that the agent exerts 

substantially no influence on the elongation growth. 

Thus, when the agent for inhibiting Cryptomeria japonica pollen 

formation, of the present invention, is used according to the aerial 
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application with a helicopter, the differentiation an ct formation of buds of 
male Cryptomeria japonica flowers can be remarkably inhibited without 
substantially exerting no effect on the elongation growth of the 
Cryptomeria japonica trees. 

Table 7 

Effect of the agent f»r inhib i ti ng the formation of Crvn tomeria ianonica 
pollen , of the pTftsgnt inven tion nn the differentiation and formation of 
mala flowers of 43-year old riryptomeria ianonica trees in the field 
Concentration of the Number of 

undiluted product (nnm) malefloweT clusters 

Control group 2985.8±789.1 
50 751.3+121.5 
500 124.2±55.2 

Table 8 

TCffert of tne agent for inhib iting the formation of Cryp tomeria japonica 

pollen, of the present inven t ion, on the shoot elongation growth of 43-year 

old Cryntomeria ianonica trees in the field 
Concentration of the 

technical p roduct (ppm) Shoot, Elongation (cm) 

Control group 80.8 ±9.4 

50 83.3±10.7 
500 82.8+11.2 
Example 3 

TCffer.t, of prohexadione comp ound having the followin g chemical Structure 
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(Materials and method) 

Two 7-year old young Cryptomeria japonica trees (height* 7.5 m, 
diameter at breast height: 5.4 cm) which were in a nursery of an 
experimental plantation of the department of agriculture of Tottori 
University and which had differentiated and formed male flowers every 
year were used. Three branches were selected at male flower-forming 
positions of each tree. These branches (50 cm long area from the branch 
top) which were supposed to form the male flowers were treated with the 
prohexadione compound on June 3, 2000 (about one month before the 
beginning of July when Cryptomeria japonica flowers were supposed to be 
formed). In this test, the undiluted prohexadione compound of the 
present invention shown in Table 9 given below was diluted with 60 % 
(v/v) aqueous acetone solution to an intended concentration. 100 ml of 
the diluted solution of the prohexadione compound was sprayed on leaves 
of the branches with a hand sprayer. In a control group, the leaves were 
treated with only 60 % (v/v) aqueous acetone solution. 

Concentrations of the undiluted product used for the foliar spray 
treatment^ 
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P.nnrt-ntra ti on- (pp m \ 

5 

50 
500 

Results 

Table 10 shows the effect of the agent for inhibiting Cryptomeria 
japonica pollen formation, of the present invention, on the differentiation 
and formation of male flowers of 7-year old young Cryptomeria japonica 
trees. It is clear from Table 10 that the excellent effect of inhibiting the 
differentiation and formation of the male Cryptomeria japonica flowers 
was confirmed after the treatment with the agent for inhibiting the 
formation of Cryptomeria japonica pollen, of the present invention, while 
the serious differentiation and formation of the male flowers were 
observed in the control group. Particularly when the concentration of 
the agent was 50 ppm or 500 ppm, the remarkable effect of inhibiting the 
differentiation and formation of the male Cryptomeria japonica flowers 
was obtained. 

Table 11 shows the effect obtained by the treatment with the agent 
for inhibiting Cryptomeria japonica pollen formation, of the present 
invention, on the elongation growth of the branches of the 7-year old 
young Cryptomeria japonica trees. It is clear from Table 11 that even 
when the agent for inhibiting Cryptomeria japonica pollen formation, of 
the present invention, was used for the treatment, no effect was observed 
on the elongation growth of the Cryptomeria japonica branches as in the 
control group. 

It is thus clear that the agent for inhibiting the formation of 
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Cryptomeria japonica pollen, of the piesient invention; is- excellent in 
inhibiting the male flower formation and it exerts substantially no 
influence on the elongation growth of the Cryptomeria japonica trees. 

Table 10 

Effect of thft a gftnt. fnr inhib i ting t.hft formation of Crvntomeria ianonica 
poTlft.n. of thft prftsont. invpnt.ion r o n t.hft HiffftrftTit.iat.ion and formation of 
mala flnwfirs of 7-y«=»ar old young Crvntomeria ianonica trees 
Concentration of the Number of formed male 

uTidiltttftd p roduct, (ppm) flowers (clusters) 

Control group 107.6 ±18.9 

5 75.1±15.2 
50 29.3±8.2 
500 7.8 ±3.5 

Table 11 

TCffftct of thft agftnt for inhibit ing the formation of C rvntoTneTia j apon i ca 
pollen , of thft prAspnt in v ftntion. on the shoot elongation growth of 
branches of 7-yaar old vonnfr Crvnto meria japonica trees 
Concentration of the 

nndibitad pindnct (pp m) Shoot, Elongation (cm) 

Control group 23.5 ±3. 4 

5 21.5±4.9 
50 22.2±7.7 
500 23.2±5.1 

According to the present invention, the agent for inhibiting the 
formation of Cryptomeria japonica pollen effective in inhibiting the 
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formation of the male flowers witho«rtiustib-s«aa(*iia!lly fo'MbMb.& the 
elongation growth of the Cryptomeria japonica trees can be obtained. 
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